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Abstract 
This paper reports a conjoint analysis that explored potential impacts of real-time 
transit schedule information on mode preference. Conjoint analysis is a stated-prefer-
ence approach to choice modeling in which respondents are asked to rate hypothetical 
products or services described by a single level of each of a number of attributes. Re-
spondent ratings are decomposed into ''part-worths" describing preferences for each 
attribute level. Subjects for the study were 500 randomly-sampled employees on the Uni-
versity of Michigan Medical Campus. 
The conjoint data indicate potential significance of real-time transit schedule in-
formation for circumstances under which modal choice decisions are made on a day-to-
day basis. Stated mode preference is not, however, significantly affected by availability of 
such information when decisions are made on a month-by-month basis. These results 
should further motivate transit system designers to provide such information, with par-
ticular attention paid to developing a highly accessi!JJ; method of information dissemi-
nation. • 
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Introduction 
Modal choice studies hav~e consistently demonstrated that the disutility of 
\.. 
wait time and other travel time spent out of the vehicle is greater than the disutility 
of in-vehicle travel time (Wilson 1967; Solomon et al. 1968; Henderson and 
Billheimer 1972; Stopher et al. 1974; Algers, Hansen and Tegner 1975; Domencich 
and McFadden 1975; Heggie 1976; Wachs 1976; Hensher and Dalvi 1978; 
Cherlow 1981; Han 1987; Van Der Waard 1988). A number of factors contribute 
to this difference in time cost, including uncertainty regarding the arrival of the 
vehicle, discomfort, and even differences in perception of the passage of time. 
Since the waits experienced by travelers differ by mode, with the duration of 
waits for public transit being significantly longer than those associated with travel 
via private automobile, the burden of wait time is a significant factor related to 
mode choice and remains a deterrent to selection of the transit mode. 
Increasing traveler certainty regarding vehicle arrival times may allow ad-
justment of the traveler's own arrival time at the transit stop so as to minimize 
waits. Viewed in this fashion, the majority of the duration, and burden, of waits 
for transit may be a result of the traveler's uncertainty with respect to arrival of 
the transit vehicle. Many researchers have speculated that reduction in uncer-
tainty of wait time associated with public transit would enhance the utility of 
transit to customers which in turn would lead to an increased customer base 
(Meads 1987; Fisher 1991; Le Squeren 1991; Blackledge and Pickup 1993; Clymer 
1993; Federal Transit Administration 1993; Fisher and Ricketson 1994). 
One approach that holds promise for reducing uncertainty, and ~e associ-
ated burden of out-of-vehicle travel time, is provision of real-time transit sched-
ule information to inform travelers of when buses will actually arrive at a given 
location. Automatic Vehicle Location (AVL) and associated Advanced Public 
Transportation System (APTS) technologies make such information provision 
feasible. Recent European surveys of both travelers and transit service providers 
have, in fact, found information of various types to be quite important to the 
traveler (Pickup et al. 1990; Tarry and Pickup 1990; Blackledge and Pickup, 
1993). Specifically, the surveys reported found that respondents viewed poten-
tial information systems as a mechanism to increase the convenience of public 
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transit and improve the confidence of users. However, the potential of informa-
tion provision as a means of reducing or eliminating traveler-perceived uncer-
tainty with respect to transit operations has not been extensively studied. 
The objective of the study reported here was to investigate the response of 
travelers ( current and potential transit customers) to presentation of real-time 
transit schedule information, i.e., information that decreases traveler uncertainty 
with respect to arrival of the next transit vehicle. In particular, the study attempted 
to assess whether or not transit's mode share, as derived from ~ stated preference 
model, would, as many practitioners expect, increase as traveler certainty with 
respect to transit arrival time increases. If such effects are demonstrated, they 
might be the direct or indirect product of any number of effects: reduction in the 
duration of wait time; reduction in the disutility of a wait time of a given dura-
tion; greater certainty about arrival time; or other effects. This study made no 
attempt to distinguish between the various effects. However, a companion study 
did estimate the impact of transit arrival time information on the satisfaction and 
wait behavior of transit customers (Reed 1994). 
The study divides modal choice decisions into two levels: the strategic level, 
in which modal choice decisions are made for the medium term of one month or 
more, and the tactical level, in which modal choice decisions are made on a day-
to-day basis. The study did not show any effects of real-time schedule informa-
tion on modal choice when decisions are made on a longer-term basis. In con-
trast, real-time schedule information may have significant impact on modal choice 
decisions made on a day-to-day basis. Transit managers interested in the poten-
tial of real-time schedule information to affect mode share would thus do well to 
seek ways in which longer-term modal choice decisions may be broken down 
into day-to-day decisions. These may include revisions in parking policy to en-
courage daily, rather than monthly or annual purchase of parking services, or the 
use of smart cards to eliminate fare payment barriers. 
Methodology ~ 
Studies of modal choice typically come in'two types: those based on re-
vealed preference approaches, on the one hand, and stated preference, on the 
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other. A revealed preference study could be used·to forecast the mode-share im-
pacts of a technology that is im1;.Yet implemented; fotthis to work, one would 
need to link the bundle of transportation service attributes represented by the 
technology ( e.g., travel reliability, wait time reduction) to the set of variables 
included in the study. However, in the absence of a real-world implementation, a
study in which respondents are presented with situations incorporating the tech-
nology and then asked for some indication of preference can also aliow for such 
prediction; while these studies may lack some of the real-world behavioral basis 
of the revealed preferences,. they can afford a-potentially richer analysis into the 
impacts of a technology that has. not yet been implemented. 
Of the stated preference techniques, conjoint analysis has been used exten-
sively as a means to evaluate individual preference or utility and has been used in 
many previous studies of travel behavior (Norman and Louviere 197 4; Parker 
and Srinivasan 1976; Wind and Spitz 1976; Cherlow 1981; Louviere et al. 1981; 
Srinivasan et al. 1981; Rosko et al. 1985; Mackenzie 1992). In conjoint analysis, 
the researcher prepares a series of scenarios, situations, or products, each com-
posed of a given level of each of a number of attributes. The researcher then 
presents these "bundles" of attributes to respondents and asks them to rate or 
rank each bundle (Elrod, Louviere and Davey 1992). Afterward, the scenario 
ratings are decomposed into "part-worths" for each attribute level. Part-worth 
scores can be computed on a common scale by regressing the rankings or ratings 
that subjects give to the alternative bundles and then normalizing the various 
regression results (SPSS 1990). Since the part-worth scores are all expressed in a 
common unit, they can, in principle, be added together to give a total rating for 
any combination of attributes. Therefore, the attribute part-worth scores can be 
used to reconstruct he original judgments or to predict choice among new com-
binations of attributes. Conjoint studies focus on individual or disaggregate re-
sponses, but estimation of aggregate response is also possible. The process of 
implementing a conjoint analysis is well documented (Green 1974; Kocur et al. 
1982; Louviere 1984; Tull and Hawkins 1987; Louviere 1988; Hair et al. 1992). 
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Implementation 
The study described here, designed to explore potential mode share effects 
of real-time transit information, was implemented in Spring 1994 in the form of 
a mail-out conjoint analysis among employees of the University of Michigan 
Medical Campus. The study population was chosen because of the opportunity 
to cooperate with, and gain support from, a concurrent Medical Campus transit 
pilot project of the Ann Arbor Transportation Authority (AATA) and the Univer-
sity of Michigan Parking Operations. The study is retrospective in that subjects 
were asked to rate hypothetical situations that had ostensibly already occurred. 
An assumption underlying the study is that processes of modal choice may differ 
between short term, day-to-day modal choices, on the one hand, and longer-term 
choices, such as those that might occur with decisions to purchase a bus pass or 
parking permit, on the other. Since strategic (long term) and tactical ( day-to-day) 
decisions are likely to be separate, though related, the study was divided into two 
parallel portions. For each segment, the travel scenario attributes and levels to be 
tested were first developed, and then the conjoint analysis instrument was pre-
pared and disseminated. 
Trwel Scenario Attributes 
Conjoint analysis is based upon the delineation of a limited set of attributes, 
together with two or more possible values for each attribute. The attributes in-
cluded in the study of strategic mode choice are presented in the top portion of 
Table I. The parking fee levels correspond roughly to the current fee on the 
Medical Campus and an amount twice that fee. The bus fare levels are $25 per 
month (the current one-way fare) and free. The walk from home to the bus stop, 
time once in the vehicle, and bus arrival reliability were intended to approximate 
conditions faced by many within the service area of the Ann Arbor Transporta-
tion Authority. The levels for the "bus arrival information format" attribute were 
selected as representative of the status quo (printed format) and a telephone-
based information system that could potentially be implemented. The attribute 
"bus information" and its impact on behavior ~er different levels of bus ser-
vice reliability are the primary focus of study. '•. 
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.. Table 1 
Attributes Pre~nted in the Mode Choice Studies 
Mode Attribute 
Strategic Study 
Car Parking Fee 
Bus Fare 
Bus Walk: Home to Bus Stopa 
Both Time Once in Vehicle 
(scheduled bus arrival) 
Bus Arrival Reliabilicyb 
Bus Arrival Information Format 
Tactical Study 
Car Parking Fee 
Bus 
Bus 
Both 
Bus 
Fare 
Walk: Home to Bus Stopa 
Time Once in Vehicle 
(scheduled bus arrival) 
Arrival Statusc 
(source; information) 
I: $30/month 
2: $60/month 
I: Free 
2~ $25/month 
1: I block 
2: 3 blocks 
Level 
1: Car: 10 mins; Bus: 15 mins (7:40am) 
2: Car: 20 mins; Bus: 30 mins (7:25am) 
I: Always comes on time 
2: Comes 5 mins late half the time 
I: Printed schedule of bus arrival times; 
in the traveler's hands 
2: Actual arrival time of the next bus; 
provided via a phone recording 
1: $6/day 
2: $12/day 
1: Free 
2: $1.50/day 
I: 1 block 
2: 3 blocks 
I: Car: 10 mins; Bus: 15 mins (7:40am) 
2: Car: 20 mins; Bus: 30 mins (7:25am) 
1 : Printed schedule of bus arrival times 
only: actual status unknown 
2: Actual arrival time ofnext bus; provid-
ed via phone recording: bus on time 
3: Actual arrival time of next bus; provid-
ed via phone recording: bus 5 mins late 
0 Walk to Stop (work end) is one block ( a bus stop is just outside your place of work). 
b Buses are never early in this study. 
c No bus leaves the stop before the scheduled time. 
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The attributes included in the study of tactical mode choice are presented in 
the bottom portion of Table 1. The parking fee, bus fare, walk to bus stop, and 
time once in vehicle take on values similar to the analogous attributes in the 
strategic study, but are stated on a daily rather than monthly basis. The tactical 
study differs from the strategic, in that the actual status of the bus is known in the 
former but not the latter. Therefore, in place of the "bus arrival reliability" and 
"bus arrival information format" attributes of the strategic study, each situation . 
for the tactical study includes one of three types of actual bus arrival status infor-
mation: either only a printed schedule of bus arrival times such that actual bus 
arrival status is unknown; or a phone recording providing the actual arrival time 
of the next bus, with the bus on time; or a phone recording providing the actual 
arrival time of the next bus, with the bus five minutes late. As in the strategic 
study, the attribute "bus information" is the primary focus of study. 
The goal in selecting attributes for the conjoint analysis was not complete 
description of the determinants of the modal choice decision, but rather a depic-
tion of potential transit and auto trips sufficient o enable the respondent o react 
meaningfully to the alternatives. The number of attributes and levels was re-
stricted to the small set shown in each case for two reasons. First, the given 
attributes were assumed to represent the most important issues in mode-choice 
behavior. Second, the attributes included in a conjoint analysis must be as few as 
possible, while still offering an adequate description of alternatives, because con-
joint analysis constructs alternatives from combinations of attributes; each at-
tribute greatly increases the number of scenarios that need to be developed, which, 
in tum, raises the danger of overwhelming the cognitive capacities of respon-
dents. For example, gasoline price, conceivably an important factor, was not in-
cluded as an attribute in the analysis. To the extent that travelers are aware of the 
true costs of driving, changes in the price of gas should have an effect similar to 
changes in the parking fee. Headway and transport-time variance also were not 
included as attributes in the analysis and were assumed to have zero variance. 
These assumptio:p.s do not eliminate the potential value of real-time schedule 
information, however, because bus arrival time can be uncertain even if headway 
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and transport-time xhibit zerov~riance. Such a situation would arise if the sys-
tem is operating at a time offset from the schedule that was unknown to the 
customer. To the contrary, the assumptions of zero variance in headway and trans-
port time are likely to result in an underestimation of the value that information 
would have in actual practice, since the increment of uncertainty th~t is remov-
able through information provision would grow with service variance. 
Conjoint Analysis Instruments 
The levels for the attributes chosen for the strategic and tactical designs can 
be combined into 64 and 48 possible situations, respectively. A single conjoint 
study with such a large number of situations would likely not be effective in a 
low-motivation situation such as responding to a mail survey, because such an 
instrument, due to the burden it would place on respondents, would be unlikely 
to elicit data sufficient either in quantity or quality. Fortunately, fractional-facto-
rial designs are available that reduce the number of conjoint situations required, 
at the expense of the ability to detect some or all interaction effects. The simplest 
fractional-factorial design is a "main effects" plan, from which no interactions 
can be determined. Although significant nonlinearities in preference for transit 
attributes, or interactions among attributes, undoubtedly do exist, specific mode 
share effects were not the main focus of the study and so the loss of the ability to 
detect interactions was deemed an acceptable cost of improving the potential 
quality and quantity of data obtained. The supposition that a conjoint instrument 
designed to capture interactions would degrade data quality is supported by the 
fact that participants reported difficulty responding to just such an instrument 
during pilot testing. 
Fractional-factorial-based conjoint designs for studies involving few at-
tributes are readily available in published tables; selection among alternative 
designs is made on the basis of number of attributes and requirements for detec-
tion of nonlinearities or interaction effects. The conjoint analysis design for the 
strategic mode choice study was patterned after the main-effects design of Plan 
Sa in Kocur et al. (1982). A conjoint analysis design patterned after Plan 58a in 
Kocur et al. (1982) was chosen for the tactical mode choice study. These designs, 
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Table 2 
Travel Situations in the Mode-Choice Study Designs 
Parking Bus Walk to Travel Bus Bus Info 
Card# Fee Fare Bus Times Reliability Format 
Strategic Study 
I I I I 1 
2 1 1 2 2 1 2 
3 1 2 1 2 2 1 
4 1 2 2 1 2 2 
5 2 2 2 2 1 I 
6 2 2 I I 1 2 
7 2 1 2 1 2 I 
8 2 1 2 2 2 
Parking Bus Walk to Travel Bus Status 
Card# Fee Fare Bus limes Info 
Tactical Study 
I I 1 1 I 1 
2 2 2 2 2 1 
3 2 2 1 2 
4 1 2 2 2 
5 2 1 2 1 3 
6 1 2 1 2 3 
7 1 2 2 1 2 
8 2 1 1 2 2 
which each require eight cards (bundles of attributes), are shown in Table 2. It is 
important to note that main-effects designs, which are based upon the assump-
tion of no interaction between factors, cannot guarantee independence of the 
main effects from interaction effects. Indeed, the assumption of no interaction 
guarantees that no interaction will be found. 
To provide a consistent basis for comparison of responses and develop-
ment of models, prior to rating the scenarios respondents were instructed to imag-
ine themselves in a single hyp~thetical scenario 1n~tead of in their own real-life 
situation. In the strategic mode-choice study, respondents were asked to: 
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Imagine that it is the first of the month and you are at your home 
considering your choi~ for commuting between home and work. 
You must decide to drive~alone or take a bus: Since parking per-
mits and bus passes are purchased on a monthly basis, your deci-
sion will affect your travel plans for the entire month. Imagine also 
that you know the bus you need is scheduled to come every 15 
minutes (at 7:25, 7:40, 7:55, and so on) to a bus stop near your 
home. The bus also stops just outside your place of work. You 
must be at work by 8:00 a.m. 
In the tactical mode-choice study, respondents were asked to: 
Imagine that you are at your home and getting ready to go to work. 
You need to be at work by 8:00 a.m. and must decide to drive alone 
or take a bus. Since parking permits and bus passes are purchased 
on a daily basis, you are faced with this task each morning. Imag-
ine also that you know the bus you need is scheduled to come ev-
ery 15 minutes (at 7:25, 7:40, 7:55, and so on) to a bus stop near 
your home. The bus also stops just outside your place of work. The 
bus is on time half of the time and 5 minutes late the other half of 
the time. 
Examples of the conjoint cards for the strategic and tactical studies are shown 
in Figure 1. As evident from the cards, a full-concept method, in contrast to a 
two-factor-at-a-time or paired trade-off method, was used in each case. That is, 
respondents were asked to rate situations that are defined by given levels of all 
attributes presented simultaneously. Moreover, to compensate for potential bias, 
three sets of conjoint cards were prepared and distributed to respondents on a 
random basis; all cards contained identical information but were presented in 
different sequences. The primary data for the study consists of the ratings of the 
eight situations produced by the respondents. 
Dissemination of the Conjoint Instruments 
As shown in Table 3, a random sample of 2,000 potential participants was 
drawn from the more than 12,000 employees affiliated with the Medical Cam-
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[Strategic] Situation 1 
Parking Fee: 
Bus Fare: 
Walk to Stop: 
Time Once in Vehicle-Car: 
Bus Reliability: 
$30/month 
Free 
I block 
IO mins; Bus: 15 mins 
Always comes on time (7:40 a.m.) 
Bus Information: A printed schedule of bus arrival times 
Given this situation, how likely are you 
to drive alone or take a bus to work this month? 
CS C4 C3 C2 Cl O BI B2 B3 B4 BS 
(Drive Alone) (circle a number) (Fake Bus) 
[Tactical] Situation 1 
Parking Fee: $6/day 
Bus Fare: Free 
Walk to Stop: 1 block 
Time Once in Vehicle-Car: 10 mins; Bus: 15 mins 
It is 7:37 a.m. The bus is scheduled to come at 7:40. You have only the printed 
bus schedule. Thus, you do not know if the bus will come on time (in 3 mins, at 
7:40) or come 5 mins late (in 8 min, at 7:45). 
Given this situation, how likely are you 
to drive alone or take a bus to work this month? 
CS C4 C3 C2 CI 0 BI B2 B3 B4 BS 
(Drive Alone) (circle a number) (Fake Bus) 
Figure 1. Example situation cards used in tlv:_ mode choice studies. 
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pus. After cases with in- Table 3 
appropriate or unusable . '\... Survey Response Information , ... 
addresses were deleted, 
500 participants were Strategic Tactical 
randomly selected and 
Study Study 
divided into the two sub- Population ~12,000 ~12,000 
groups, 250 per group. Original Sample 250 250 
Inappropriate cases were Invalid Addresses 12 12 
considered to be employ- Original Sample Augmented by 12 12 
ees with work addresses Left University Employment 4 3 
not on the Medical Cam- Net Sample Size 246 247 
pus, employees with a Unus~ble Responses 13 19 
Medical Campus address Usable Responses 65 65 
or post office box for Usable Response Rate 26.4% 26.3% 
home address, and em-
ployees who could not possibly commute on a daily basis from the home address 
given, e.g., a home address in California. Different participants were involved in 
the two studies to reduce the burden on each respondent and therefore increase 
the response rate. 
The conjoint materials were mailed via U.S. bulk mail to the home address 
of each employee chosen. A reminder postcard, with first-class postage, was 
mailed after a couple of weeks to those who had not yet responded, and a second 
survey packet was mailed by bulk mail a couple of weeks after that to those who 
had still not responded. Responding to the survey required approximately 10-15 
minutes of a participant's time, and so the response rate was anticipated to be 
low. To boost the response rate, potential respondents were informed that the 
names of those returning the survey would be entered in a random drawing for a 
$50 gift of appreciation. At the same time that the gift was awarded, a post card 
expressing gratitude for participation was mailed to all respondents. The overall 
effective response r~te from the two mailings and postcard, shown in Table 3, 
was 65 of 246, or 26.4 percent, for the strategic portion and 65 of 24 7, or 26.3 
percent, for the tactical portion. 
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Conjoint Model 
A primary goal of the study was to develop a model to describe the ratings 
that respondents give the various transit situations. The model assumed in this 
study was linear and additive, as described in 
I J 
Situation Rating = a0 + L L a .. A .. I] I] (1) 
i =1 j=l 
where a0 is a constant; aij represents the coefficient for levelj of attribute i; and 
Aij represents a dummy variable that takes a value of 1 if level j of attribute i is 
included in the scenario under inspection and takes a value of O otherwise. The 
potential spread of the derived product rating depends on the range of the coeffi-
cients (part-worths), which can be controlled by the conjoint design, and can 
include both positive and negative values. This model can produce a composite 
rating associated with a transit situation on either the individual or aggregate 
level; aggregate part-worths represent he mean of the corresponding part-worths 
from the models from each individual respondent. 
In this study, part-worths for a model specific to each respondent were esti-
mated by decomposing the ratings of the eight transit situations produced by 
each respondent (SPSS 1990). The individual-specific part-worths were then 
averaged both for descriptive purposes and to explore any overall trends or pro-
cesses that may be affecting modal preference. The average part-worths from the 
strategic and tactical models are presented in the top and bottom portions of 
Table 4, respectively. Table 4 also presents a measure of the "importance" of 
each attribute, which can be interpreted as an index of the contribution of a given 
factor to the overall modal choice decision; since the part-worths are expressed 
on a common scale, the attributes can be compared by taking the part-worth 
range for each attribute and dividing it by the sum of all the part-worth ranges to 
compute these "importance" scores. ~"' 
"' Statistical significance of the averaged part-worths in each study was esti-
mated by treating the part-worths of each of the 65 subjects as individual obser-
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Table4 
Averaged Conjoint MolleJ Part-worths for the Mode Choice Studies 
Attribute Attribute Part- t- 2-Tail 
Attribute Importance Level worth value Sig.a 
Strategic Study (n = 65) 
Parking Fee 22.0 $30/month -0.96 -8.09 0.000 
$60/month 0.96 8.09 • 0.000 
Bus Fare 34.9 I Free 1.52 10.72 0.000 
$25/month -1.52 -10.72 0.000 
Walk: Home 12.l l block 0.53 6.83 0.000 
to Bus Stop 3 blocks -0.53 -6.83 0.000 
Time Once 9.2 Car: 10 min; Bus: 15 0.40 4.10 0.000 
in Vehicle Car: 20 min; Bus: 30 -0.40 -4.10 0.000 
Bus 19.0 Always on time; 0.83 5.99 0.000 
Reliability 5 min late half time -0.83 -5.99 0.000 
Bus Info 2.8 Print 0.12 1.70 0.095 
Format Phone -0.12 -1.70 -0.095 
Constant 5.17 0.65 0.518 
Pearson's R 1.000 0.000 
Tactical Study (n = 65) 
$6/day Parking Fee 35.9 -0.87 -6.39 0.000 
$12/day 0.87 6.39 0.000. 
Bus Fare 8.4 Free 0.20 2.43 0.018 
$1.50/day -0.20 -2.43 0.ot8 
Walk: Home 31.3 l block 0.76 6.59 0.000 
to Bus Stop 3 blocks -0.76 -6.59 0.000 
Time Once 1.9 Car: IO min; Bus: 15 -0.05 -0.44 0.659 
in Vehicle Car: 20 min; Bus: 30 0.05 0.44 0.659 
Bus Arrival 22.5 Print; no information -0.65 -3.l l 0.003 
Status Phone; bus on time 0.21 1.04 0.300 
Phone; bus 5 min late 0.44 1.82 0.073 
Constant 6.19 4.23 0.000 
Pearson's R 0.992 0.000 
"Significance of difference from a value ofO for all but the constant, which was tested against 5. 
The part-worths for each attribute sum to O; thus, a part-worth can equal zero when more than 
two levels exist. 
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vations; the mean of these observations was tested against the null hypothesis 
that the population mean is equal to zero (n=65). The alternative view is that 
each observation is subject to a sampling error because of the random compo-
nent of an individuals' responses to the conjoint experiment. This view would 
necessitate a correction in the significance calculations reported in Table 4. Thus, 
reliance on significance calculations reported in Table 4 is based on a view of 
each of individual part-worths as not being subject to sampling error. 
To further gauge the appropriateness of the aggregation procedure, indi-
viduals' ratings of cards were "predicted" ex post facto on the basis of aggregate 
part-worths; the R statistic reported is the correlation between actual and pre-
dicted ratings. The high levels of the R statistic seen for each model indicates a 
high degree of reliability of the aggregation procedure. 
Positive part-worths in Table 4 are interprete~ as contributing to a choice of 
bus; negative part-worths contribute to a higher rating for the automobile. In-
spection of the aggregate part-worths for the strategic study, shown in the top 
portion of Table 4, reveals a number of expected results; selection of the bus 
mode is associated with higher auto parking costs, lower bus fares, shorter walks 
to the bus stop, and greater bus reliability. A somewhat less intuitive, but not 
unreasonable result, is that preference for the automobile mode increased with 
in-vehicle time. Finally, although the results for bus information appear contrary 
to expectations (the part-worth for the attribute representing availability of real-
time schedule information via phone is lower than the part-worth representing 
availability of only the printed schedule), the data show that the information at-
tribute in the strategic study is not statistically significant, and so the 
counterintuitive sign is meaningless. Most relevant to this study, the importance 
scores show tliat bus-arrival information was not important o the respondents in 
a strategic mode-choice situation, as it accounted for under 3 percent of the total 
range of part-worths. 
The data thus do not support the hypothesis that transit information will 
increase transit mode share on-a month-to-montfi~asis. App~ently, the differ-
ence between obtaining schedule information via print and via the phone is not 
useful when planning for the longer term. (This is, of course, not to imply that 
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information itself is not important, as the study tested only the difference in the 
medium for presentation of thv ... information.) The most important attributes in 
,, 
strategic mode choice, in order, are seen to be bus fare, parking fee, and bus 
reliability. It should be emphasized that these relative weights are specific to the 
scenarios tested and may not be generally applicable. In particular, the promi-
nence of bus fare in this study might be somewhat due to the special case tested, 
i.e., people may respond with disproportionate favor to "free" service. 
The aggregate part-worths for the tactical study, shown in the bottom por-
tion of Table 4, reveal many of the same relatjonships evident in the strategic 
study between transportation characteristics and mode choice; these effects in-
clude those of parking charges, bus fares, and walking distance. The part-worths 
for "time once in vehicle" appear to contradict he results of the strategic study; 
however, the data show that this attribute in the tactical study is not statistically 
significant and so the ostensible contradiction is inconclusive. Most importantly 
to this study, phone information is preferred to the printed schedule only, and the 
"importance" statistic places information provision in this context among the 
more important mode share determinants, accounting for about 23 percent of the 
total range of part-worth scores. In this study, phone information appears to be of 
greater value when the bus is late than it is when the bus is on time. A number of 
arguments could be made either way; however, this result might also simply be 
an artifact of the study pr~sentation. Regardless, in the tactical study, situations 
in which real-time schedule information is provided receive higher scores, with-
out exception, than situations in which only the printed bus schedule is given. 
The data then appear to support the hypotheses that real-time schedule in-
formation increases the rating, given the bus mode when decisions are made on a 
day-to-day basis. The most important attributes in tactical mode choice, in order, 
are seen to be parking fee, walk from home to the bus stop, and bus-status inf or-
mation. Moreover, situations in which real-time schedule information is pro-
vided are preferred to situations in which only the printed bus schedule is given. 
Bus fare and time once in the vehicle were relatively unimportant in the deci-
sions of respondents. 
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Conjoint Analysis in Transportation Preference Studies 
Two methodological lessons about use of conjoint analysis in modal choice 
studies were learned from this study: 1) the conjoint method is difficult to use 
with a mail-out approach of surveying, and 2) conjoint analysis has disadvan-
tages arising from its marketing heritage. Much research into transportation be-
havior relies on use of a mail-out approach, such as used in this study. However, 
the experience of this study suggests that lack of direct interaction with respon-
dents has the potential to limit significantly the quality of data obtained through 
a conjoint analysis, as individual respondents might differ significantly in their 
interpretation of the task requested of them. This disadvantage is experienced by 
all surveys, of course. However, the complexity of the conjoint method and the 
"newness" of the method to respondents makes conjoint analysis especially vul-
nerable to misunderstandings. Implementing the study in a face-to-face manner 
could have allowed the material to be better explained to potential respondents 
and thereby circumvented some of these data quality concerns. However, face-
to-face interviewing is not possible in many studies due to resource constraints. 
In this study in particular, many difficulties would have been involved in contact-
ing and setting up interviews with potential respondents on the Medical Campus. 
As a result, for this study at least, the mail-out format was thought to be more 
effective overall. Pictographs, instead of wording, representing the attributes used 
in the study might have reduced some of the misunderstandings due to the mail-
out format. 
Perhaps the most significant li~itation of conjoint analysis is the marketing 
heritage of the methodology, which presents some interesting challenges to use 
of this technique in the study of travel behavior and in application of conjoint 
results to development of transportation systems. Marketing studies are typically 
concerned with market share and so use the individual as basis for data analysis. 
Travel behavior studies are also interested in the response of individuals and in 
market share, but are also faced with the task of providing results that transit 
authorities can use in systems design. When the d~ from a conjoint study indi-
cates that a number of clusters of similarly-minded potential customers exists 
within a target population, marketers can easily develop a collection of prod.: 
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ucts- such as breakfast cereals-that cater to the subgroups of customers. Trans-
portation information systems--~ also be developed with a variety of user inter-
faces. However, resource constraints severely limit the number and variety of 
functions that can be included in any systems design. That is, in gross simplifica-
tion, any number of types of breakfast cereal can be developed, and so most all 
people can be satisfied, but the number of basic transit system alte!flatives that 
can be implemented is strictly limited, and so more than a few potential custom-
ers will likely be left less than satisfied. In this sense, the conjoint analysis meth-
odology cannot be easily adapted to the transportation context, where consensus 
building is critical to success. A potential approach to circumventing the diffi-
culty just described is to combine conjoint analysis with social decision analysis; 
such a combination holds great potential for systems-design and consensus-build-
ing efforts and should be further investigated. 
While acknowledging the above-mentioned rawbacks of using conjoint in 
studies of this type, a primary advantage of the method is that, inasmuch as the 
conjoint analysis approach does not rely on the existence of any technology, the 
technique can be utilized to explore the effectiveness of, and evaluate traveler 
response to, alternative emerging traveler information services, under various 
conditions of transit headway, variance, and so on, prior to implementation. Fur-
thermore, "satisfaction" and mode share estimates from conjoint analysis, com-
bined with systems costs, can be used to guide decisionmaking regarding the 
adoption or rejection of traveler information services, i.e., as a type of pre-de-
ployment analysis methodology. Conjoint methodologies can thus serve as back-
ground for actual transit implementations, as well as for further study aimed at 
determining changes in transit-use behavior due to improvements in transit op-
erations, customer information, parking policy, or other system characteristics. 
Implications for Transit System Improvement 
Because the sample population of employees for this study was drawn lo-
cally, inferences are specific to the service area of the Ann Arbor Transportation 
Authority and to the University of Michigan Medical Campus. However, to a 
significant degree, the scenarios presented do represent the real living situation 
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of a number of people within the service area of the Ann Arbor Transportation 
Authority, which could be said to be similar to the service provided in many 
suburban areas. Sixty percent of the people in the original representative sample 
taken from the Medical Campus employee database live within the AATA ser-
vice area, as defined by postal ZIP codes. However, the AATA service area, in 
terms of postal ZIP codes, is much broader than the hypothetical scenarios pre-
sented for a variety of reasons. People may not have good access to an AATA bus 
route, for example. Similarly, many would have to transfer buses if they were to 
use AATA service. Thus, it may be that a majority of people do not live under 
conditions similar to those in the hypothetical scenarios. 
Nonetheless, the finding that real-time schedule information may be much 
more significant o tactical (i.e., day-to-day) than strategic (i.e., long term) modal 
choice decisions may have broader applicability. Transit districts implementing 
technologies for the dissemination of real-time schedule information will need to 
combine these technologies with other programs to lead to changes in modal 
decisions by people who are not current bus customers. The mode of information 
dissemination is particularly important; if a great share of the impact of real-time 
schedule information is on day-to~day-hence, perhaps more impulsive-deci-
sions, the method used to disseminate the information becomes critical. It may 
be that television and kiosk modes of information delivery, requiring less action 
on the part of the traveler are superior to the telephone-based information sup-
posed here. In fact, an experiment executed in conjunction with this study, in 
which a trial real-time information service was set up by telephone, generated a 
very low volume of calls (Reed 1994 ). Perhaps most significantly, real-time sched-
ule information may have the greatest mode share impact when its provision is_ 
accompanied by programs to encourage flexible, modal decisionmaking. An ex-
ample of such a policy would be the replacement of monthly or annual parking 
fees with hourly or daily fees. These changes could be further augmented through 
the use of smart cards that would be valid for both parking payment and bus 
fares. 
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In sum, the fact that the rating that respondents give to public transit in-
creases with provision of reahtime transit schedule information,· at least when 
,. 
travel decisions are made on a day-to-day basis and under the hypothetical con-
ditions presented in this study, should further motivate transit system designers 
to redouble efforts to investigate such information. This is especially true since 
information should not only reduce the burden of a given wait but also reduce the 
duration of the wait. ❖ 
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